Failed opportunities to reduce morbidity and mortality occur when evidence-based therapies are not fully implemented in clinical practice. We reviewed the recent literature on implementation strategies in the intensive care unit, with particular attention to antibiotic therapy.
INTRODUCTION
Failed opportunities to reduce morbidity and mortality occur when evidence-based therapies are not fully implemented in clinical practice. A critical care example is instructive. Acute respiratory distress syndrome (ARDS) is a clinically devastating condition with more than 190 000 cases, 74 000 deaths, and 3.6 million hospital days annually in the USA alone [1] . Lung protective ventilation has been demonstrated in multiple studies to reduce mortality and morbidity from ARDS [2] [3] [4] [5] . However, lung protective ventilation remains underutilized in clinical practice, and mortality outside the research setting may not be improving [1, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . This lack of adherence with lung protective ventilation has been shown to be associated with higher 2-year mortality [10] .
IMPLEMENTATION STRATEGIES
Implementation interventions fall along a spectrum depending on their closeness to the point of medical decision-making ( Fig. 1 ). On one end of the spectrum are the historical methods of implementation, such as guidelines, protocols, and public accountability. These are far removed, in space and time, from the real-time care of patients and have often been shown to be ineffective [20] . Recently, emphasis has shifted to a new model of translating knowledge into practice that focuses more on direct, point-of-care interaction with providers as opposed to an administrative or top-down approach. This model includes multifaceted, multidisciplinary interventions, such as educational outreach to local sites, audit and feedback, opinion leaders, and reminders, all of which have been shown to improve the process of care and patients' outcomes [21,22 & ,23-28]. Nothing exemplifies this new paradigm more than checklists. Checklists are tools (paper or electronic) meant to be a real-time guide to clinical decision support. By acting as an 'external brain' for the user, checklists simplify and standardize care and reduce the risk of errors of omission [29] .
Avoiding errors of omission is especially important in critical care medicine, given its sheer number of decisions requiring complex and sophisticated decision-making. Examples of checklist use in critical care medicine demonstrated an increased compliance with guidelines, lower rates of catheter-related bloodstream infection, and leading to earlier extubation and ICU discharge [30] [31] [32] [33] [34] [35] .
CHECKLIST STRATEGIES
Checklists, however, can actually fall in several places on the implementation spectrum depending on how they are introduced, and particularly whether checklist use is enforced. Recent developments in the checklist literature have attempted to clarify the specific importance of enforcement functions associated with the use of a checklist [36 & ]. We believe that the initial enthusiasm for checklists overlooked the importance of such functions. To use the oft-cited example of checklist use in commercial aviation, airplanes cannot leave the ground until the pilot completes the preflight checklist which is monitored by a co-pilot [37] . The lack of co-pilot monitoring may be a partial explanation for the substantially higher rate of airplane crashes for private aircraft. In medicine,
KEY POINTS
Failed opportunities to reduce morbidity and mortality occur when evidence-based therapies are not fully implemented in clinical practice. Implementation strategies focused on real-time, point-ofcare interventions, such as checklists, have been associated with greater impact.
Greater checklist use has led to the realization that a prompting or forcing function is required for optimal benefit. Effective implementation, such as through checklist prompting, can result in long-term culture change.
Enhanced communication through checklist use may be a major mechanism of implementation improvement.
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Copilot interventions Prompting Some form of reminder or prompt was built into successful checklists in prior research [34, 35] . In a controlled investigation, Weiss et al. [38] have shown that prompting critical care physicians to use a paper daily rounding checklist improved multiple processes of care, such as less empirical antibiotic utilization, compared with the unprompted use of the same checklist. In the same study, prompting was associated with lower risk-adjusted mortality and length of stay. The importance of a real-time enforcement mechanism, such as a reminder, supports our belief that a checklist alone cannot adequately serve as an ICU co-pilot to improve process and outcomes.
In the last year, several studies have examined the role of checklist reminders, particularly as they relate to improving antibiotic utilization. Weiss et al. [39 & ] conducted an exploratory analysis of their previous checklist prompting study to determine whether specific process of care improvements were a mediating factor in the lower risk-adjusted mortality that was observed. Prolonged empirical antibiotic duration was found to be associated with higher risk-adjusted mortality. More importantly, when empiric antibiotic duration was added to a multivariate mortality model, the odds of death were attenuated. The authors found that approximately 15% of the improvement in mortality which was the result of prompting physicians was explained by shorter empiric antibiotic duration. These results suggest that reducing empiric antibiotic duration through the prompted use of a checklist mediated a reduction in mortality. This conclusion counteracts the concern many providers have for discontinuing empirical antibiotics even in the face of negative culture results [40] [41] [42] [43] .
This study suffers from several important limitations. The effect of empiric antibiotic duration, a process of care parameter, on hospital mortality is difficult to interpret, as many unmeasured confounders for mortality likely existed. For example, empiric antibiotic duration may be a marker of ongoing severity of illness not captured by the Acute Physiology and Chronic Health Evaluation (APACHE) model employed in this study. Second, most of the association between prompting and mortality remained unexplained after adjustment for empirical antibiotic duration. This unexplained mediating effect is likely because of the synergistic effects that improving multiple processes of care (empirical antibiotic, mechanical ventilation, and central venous catheter duration) have on overall patient outcomes such as mortality. Another possibility is that prompting improved other processes of care or decision-making behaviors, or that a single prompt to shorten empirical antibiotics could have a snowball effect, leading to a decision to shorten empirical antibiotics for other patients seen subsequently on rounds before any further prompts were required.
Electronic prompting
Although face-to-face prompting led to several intriguing results regarding empirical antibiotic utilization, the resources needed for this intervention to clinical practice outside the research setting would be difficult to scale. Indeed, automated electronic health record (EHR)-based clinical decision support holds great promise as an ICU 'co-pilot'. Once properly implemented, EHRs have negligible cost and resource utilization compared with face-to-face reminders. The potential for EHR-based clinical decision support for antibiotic management was recently described by Steurbaut et al. [44 & ]. Their Computer-based Surveillance and Alerting of nosocomial infections, Antimicrobial Resistance and Antibiotic consumption in the ICU (COSARA) project collects and integrates a tremendous amount of data related to patient-level antibiotic management, and delivers this information in real time to providers. Prospective validation of the value of this tool is needed.
Until recently, the automated clinical decision support possibilities of the modern EHR had not been tested directly against face-to-face reminders. Weiss et al. [45 && ] compared face-to-face prompting to reduce empirical antibiotic utilization with a checklist embedded into the EHR. The authors performed a prospective random allocation design, similar to their prior study design, in which critical care attendings and fellows on one ICU team were instructed once to complete the EHR checklist on a daily basis, whereas the other team was exposed to real-time, face-to-face prompting. The authors found that faceto-face prompting continued to improve care compared with an unprompted (in this case, EHR-based) checklist. Prompting reduced empirical antibiotic utilization compared with the EHR checklist. Also, prompting led to a more than four-fold increase in deescalation or discontinuing empirical antibiotics compared with the EHR checklist.
This study contained several of the same limitations as previously described. In addition, a focus on a single-intervention technique (real-time reminders) without considering the simultaneous implementation of other techniques may have limited the potential improvement that could have been obtained. Also, the lack of a reminder system in the EHR-based checklist means that EHR-based reminders were not directly tested against face-to-face reminders. However, this study's results continue to support the hypothesis that a checklist alone is insufficient to achieve optimal process of care or patient outcome improvements. Instead, a mechanism that forces providers in real time to use the checklist as a clinical decision support tool is required to realize the greatest benefit.
Long-term benefit of prompting
The benefits of prompting might also be more lasting than previously thought. Weiss et al. [45 && ] demonstrated a conserved reduction in empirical antibiotic utilization between the unprompted EHR checklist group and the prompted group from their initial prompting study 2 years before. The authors posit that these conserved results are because of a retained culture change that occurred among the critical care physicians in this ICU as a result of their prior study. Prompting may exert its largest effect not from an individual prompt, but when a cohort of providers buys into the role a co-pilot might play in improving patient care.
Improved communication with checklists
One question about the efficacy of a checklist co-pilot is whether its use leads to improved communication among providers. Newkirk et al. [46 && ] examined this specific issue in burn and surgical ICUs. They measured baseline communication among members of the multidisciplinary ICU team based on a multifaceted daily rounding checklist, including how often a checklist parameter was not discussed. Then they implemented a new checklist and provided face-to-face prompting to address all items on the checklist if overlooked by the team. The frequency of discussing all checklist items significantly increased from baseline in both ICUs (35-77% and 47-72%, respectively). In addition, the frequency of discussing checklist items before prompting significantly increased after the new checklist and prompter were implemented. The study was limited methodologically by a preimplementation/postimplementation design, typical of most quality improvement intervention studies, which introduces the risk of coincident interventions or other temporal confounders. However, these results support the notion that a checklist-equipped prompter can positively alter the communication patterns among ICU providers, thereby improving their practice culture.
MULTIFACETED IMPLEMENTATION WITHOUT PROMPTING
Other investigators have demonstrated improvement in critical care delivery despite not including a real-time co-pilot. One of the most comprehensive interventions reported in a study in the last year came from Sinuff et al. [47 && ], who investigated a strategy to implement guidelines for ventilatorassociated pneumonia (VAP). The intervention included educational outreach, local opinion leaders, and a daily checklist (without real-time reminders). The authors found increased concordance with VAP guidelines and secondarily decreased the rates of VAP. Interestingly, this investigation combined several intervention techniques into an ongoing overall intervention plan, a strength over other studies that examined only a single-intervention technique. Although the study was limited by the premethodological/postmethodological concerns discussed above and the lack of true real-time reminders, the investigators were able to demonstrate important improvements in the implementation of evidence-based therapies and a resultant clinical outcome improvement.
CONCLUSION
Lack of implementation of interventions proven in a research setting into the clinical practice of critical care medicine continues to limit improvements in the patients' outcomes. Newer implementation strategies focused on real-time, point-of-care interventions have been associated with greater impact. The most common of these new interventions is the use of checklists. Greater checklist use has led to the realization that a prompting or forcing function is required for optimal benefit. Despite the investment required to develop this prompting function, longterm changes in clinical practice can result. Further research into implementation science is needed to develop the most effective and least expensive strategies.
